Background: Certain rare syndromes with developmental delay or intellectual disability caused by genomic copy number variants (CNVs), either deletions or duplications, are associated with higher rates of obesity. Current strategies to diagnose these syndromes typically rely on phenotype-driven investigation. However, the strong phenotypic overlap between syndromic forms of obesity poses challenges to accurate diagnosis, and many different individual cytogenetic and molecular approaches may be required. Multiplex ligation-dependent probe amplification (MLPA) enables the simultaneous analysis of multiple targeted loci in a single test, and serves as an important screening tool for large cohorts of patients in whom deletions and duplications involving specific loci are suspected. Our aim was to design a synthetic probe set for MLPA analysis to investigate in a cohort of 338 patients with syndromic obesity deletions and duplications in genomic regions that can cause this phenotype. Results: We identified 18 patients harboring copy number imbalances; 18 deletions and 5 duplications. The alterations in ten patients were delineated by chromosomal microarrays, and in the remaining cases by additional MLPA probes incorporated into commercial kits. Nine patients showed deletions in regions of known microdeletion syndromes with obesity as a clinical feature: in 2q37 (4 cases), 9q34 (1 case) and 17p11.2 (4 cases). Four patients harbored CNVs in the DiGeorge syndrome locus at 22q11.2. Two other patients had deletions within the 22q11.2 'distal' locus associated with a variable clinical phenotype and obesity in some individuals. The other three patients had a recurrent CNV of one of three susceptibility loci: at 1q21.1 'distal', 16p11.2 'distal', and 16p11.2 'proximal'. Conclusions: Our study demonstrates the utility of an MLPA-based first line screening test to the evaluation of obese patients presenting with syndromic features. The overall detection rate with the synthetic MLPA probe set was about 5.3% (18 out of 338). Our experience leads us to suggest that MLPA could serve as an effective alternative first line screening test to chromosomal microarrays for diagnosis of syndromic obesity, allowing for a number of loci (e.g., 1p36, 2p25, 2q37, 6q16, 9q34, 11p14, 16p11.2, 17p11.2), known to be clinically relevant for this patient population, to be interrogated simultaneously.
Background
Obesity is defined as an abnormal or excessive fat accumulation that presents a risk to health, and is commonly classified using the body mass index (BMI = weight/height2). It is well established that single-gene defects or genomic copy number variants (CNVs), either deletions or duplications, can lead to both syndromic and non-syndromic forms of obesity [1] . The term syndromic obesity refers to rare or uncommon genetic syndromes, in which obesity is one of a range of symptoms, often including developmental delay (DD) and intellectual deficit (ID). Prader-Willi syndrome (PWS; OMIM 176270) is the most common known genetic cause of obesity, resulting more frequently from a deletion in the paternal 15q11.2-q13 chromosomal region. The diagnosis is typically made in early infancy due to hypotonia and poor feeding, prior to the onset of obesity and hyperphagia [2] .
Several other clinically well-defined microdeletion syndromes also have an increased prevalence of obesity, but they are often clinically difficult to diagnose due to extensive phenotypic overlap and lack of a diagnostic testing path. Examples are 1p36 monosomy (OMIM 607872), brachydactyly-mental retardation (BDMR) syndrome (OMIM 600430), 6q16 deletion syndrome (OMIM 603128), Kleefstra syndrome (KS; OMIM 610253), Wilms tumor, aniridia, genitourinary anomalies, and mental retardation (WAGR) syndrome (OMIM 194072, 612469) , and Smith-Magenis syndrome (SMS; OMIM 182290). Some of these syndromes have now been explained by haploinsufficiency of a single gene in the critical deletion intervals, including BDMR (HDAC4) [3] , KS (EHMT1) [4] , and SMS (RAI1) [3] [4] [5] . In addition, the obesity phenotype in patients with 6q16 deletion is likely explained by haploinsufficiency of the transcription factor single-minded 1 (SIM1) gene [6] , whereas obesity susceptibility in WAGR syndrome mainly depends on haploinsufficiency for the brain-derived neurotrophic factor (BDNF) gene [7] .
Since in recent years chromosomal microarray analysis (CMA) has become the method of choice for detecting copy number imbalances in the genome, a great number of rare CNVs and microdeletion/duplication syndromes have been found that cause, or predispose to, obesity along with DD/ID and other phenotypic findings, such as 1p21.3 microdeletions [8] , 2p25.3 deletions [9, 10] , interstitial deletions within 6q14.1q15 [11] , 6q22 deletions [12] , translocation der(8)t(8;12)(p23.1;p13.31) [13] , interstitial deletions on 11p14.1 [14] , 12q subtelomeric deletions [15] , 16p11.2 distal and proximal deletion [16, 17] , 17q24.2 microdeletions [18] , chromosome 19q duplications [19] , and several others [20] [21] [22] . Multiplex ligation-dependent probe amplification (MLPA) is more cost and time-efficient than microarraybased approaches, and provides an alternate method of simultaneously determining copy number status at multiple target loci. In this study, we have designed a synthetic probe set to interrogate the copy number status at previously described loci associated with syndromic obesity, and defined the length of the lost or gained DNA regions by SNP-array and/or oligoarray-CGH or, alternatively, using commercial MLPA kits. We report our findings from screening in a cohort of 338 patients with syndromic obesity.
Results
Results are shown in Table 1 . Copy number imbalances were detected in 18 patients (diagnostic yield of 5.3%); 18 deletions and 5 duplications. The alterations in ten cases were confirmed (delineated) by SNP-array (patients 2 and 18) and oligoarray-CGH (patients 1, 3-8, 17), while the alterations in eight cases were fine-mapped using the commercial MLPA kits P064-B2 (patients 9-12) and P023-B (patients [13] [14] [15] [16] , with more probes in sequences adjacent to the genes in which copy number gains or losses were detected. Patient 1 had duplication for two gene probes from 1q21.1, PRKAB2 and ACP6 ( Figure 1A) . The duplication was shown to have a size of~1.8 Mb with breakpoints in segmental duplication (SD), or low-copy repeat (LCR), blocks BP3 (distally) and BP4 (proximally), located in the distal 1q21.1 region (as delimitated by CMA). Four patients were deleted for probes mapped to the 2q37.3 locus: patients 2-4 had deletion for probes HDAC4 and GPR35 ( Figure 1B) , and patient 5 had a deletion for probe GPR35 ( Figure 1C ); no deletion of the region detected by probe HDAC4 was observed in the latter case. The CMA results showed an additional~1.7 Mb duplication adjacent and proximal to the deletion of patient 2, and a concurrent 17q25.3 duplication of~2.3 Mb in patient 5. Present deletions vary in size from~2.2 Mb to 6.2 Mb. Patient 6 had a deletion for the 9q34.3 probe EHMT1 ( Figure 1D ). Subsequent CMA demonstrated a submicroscopic deletion of~0.4 Mb extending from EHMT1 (exon 17) to the most distal gene CACNA1B. Two patients were found with CNVs at the 16p11.2 locus: patient 7 had a deletion for the most distal probe SH2B1 ( Figure 2E ), and patient 8 had duplication for the most proximal probes CDIPT and MAPK3 ( Figure 2F ). Testing of parental DNAs showed that the deletion occurred apparently de novo, while the duplication was inherited from the normal father. CMA confirmed that the deletion in patient 7 is confined to the distal 16p11.2 region flanked by SD blocks BP2 and BP3, and the duplication in patient 8 to the proximal 16p11.2 region flanked by SD blocks BP4 and BP5.
Deletion in 17p11.2 probe RAI1 has been found in patients 9-12 ( Figure 2G ), and in all of these patients deletion within the FLCN gene, which is reference probe in the P200 and P300 MLPA kits, mapped to chromosome 17p11.2, has been detected (data not shown). The P064-B2 MLPA kit used in this study includes five probes specific for sequences in the SMS 17p11.2 region, with the Breakpoints based on the coordinates of the first and last altered array probes. The alterations of patients 9-12 and 13-16 were fine-mapped by additional MLPA probes in the commercial kits P064-B2 and P023-B, respectively. Probes in the MLPA kit P064-B2 covering the 17p11.2 region are TNFRSF13B, LRRC48, LLGL1, PRPSAP2 and MFAP4. Probes in the MLPA kit P023-B covering the 22q11 region are IL17R, BID, HIRA, CLDN5, KIAA1652, KLHL22, PCQAP, SNAP29, LZTR1 and MIF. 1 The FLCN probe is included in the MLPA P200 and P300 reference kits. It is located within the SMS region on chromosome 17p11.2, and was found deleted in all patients with deletions in RAI1. 2 Adopted child. Not determined (n.d.); years (yr); months (mo). ID, intellectual disability; DD, developmental delay; GDD, global DD; ADHD, attention-deficit hyperactivity disorder. Figure 1 Partial electropherograms for control individuals (red) and for the patient (blue) normalized by the GeneMarker software showing the custom probes with reduced or amplified peak heights (arrows). A) sample with increased copy number for the probes PRKAB2 and ACP6. B) sample with reduced copy number for the probes HDAC4 and GPR35. C) sample with reduced copy number for the probe GPR35. D) sample with reduced copy number for the probe EHMT1. E) sample with reduced copy number for the probe SH2B1. F) sample with increased copy number for the probes CDIPT and MAPK3. G) sample with reduced copy number for the probe RAI1. H) sample with reduced copy number for the probe CRKL. I) sample with increased copy number for the probe CRKL. J) sample with reduced copy number for the probe RAB36.
most distal probe in the gene TNFRSF13B, near the distal SMS repeat (SMS-REP), and the most proximal probe in MFAP4, between the middle and proximal SMS-REPs. According to these MLPA results, the deletion of patient 9 has a minimum size of 2.2 Mb, with the distal breakpoint occurring between probes TNFRSF13B (not deleted) and FLCN (deleted), and extended proximally through MFAP4 (deleted). The deletions of patients 10-12 have a minimum size of 2.4 Mb mapping between deleted MLPA probes TNFRSF13B and MFAP4. The remaining 6 patients had CNVs at the 22q11.2 locus: patients 13-15 had a deletion for the most proximal probe CRKL ( Figure 2H ), patient 16 had a duplication for this same probe ( Figure 2I ), and patients 17 and 18 had a deletion for the most distal probe RAB36 ( Figure 2J ); no deletion of the region detected by probe MAPK1 was observed in any of these patients. Two of the CNVs were apparently de novo (patients 13 and 14), while three CNVs were inherited from an unaffected parent (patients 15-17); the inheritance could not be explored for patient 18 who is an adopted teen. According to the results of the P023-B MLPA probes, all deletions and the duplication of proximal 22q11.2 have a minimum size of 2 Mb mapping between deleted MLPA probes HIRA proximally, which is located between LCR22-A and LCR22-B, and LZTR1 distally, located between LCR22-C and LCR22-D. The deletions of patients 17 and 18 were delineated by CMA and shown to have a size of~0.6 Mb. The deletions boundaries are within SD blocks LCR22-E and LCR22-F at the distal 22q11.2 region.
Discussion
In the present study, we aimed to develop an alternative, more cost-efficient tool than chromosomal microarrays to be used in the initial screening of a large cohort of patients presenting with syndromic obesity. As many of the currently known loci associated with syndromic forms of obesity have their causative genes already discovered, or have their breakpoints localized to flanking repeat sequences, we thought these disorders would be amenable to detection by MLPA using a synthetic probe set. In our cohort of 338 patients, 5.3% (18 patients) had a pathogenic diagnosis detected primarily by MLPA. Our detection rate is lower compared with 22% of patients with a potentially pathogenic diagnosis reported by Vuillaume et al. [22] for array-CGH in a similar cohort. The lesser diagnostic yield in the present study may be explained by the targeted approach versus the whole genome approach in Vuillaume's paper, as the criteria to select cases is very similar in the two studies (i.e., obesity and at least one other feature such as DD, ID, congenital anomalies or dysmorphic features). Although whole genome array allows the investigation of known syndromes and abnormalities that have not been described before, yet cost considerations still limit its use in routine clinical application in developing countries, whereas MLPA has been found to be a good option in situations of cost constraints [23, 24] . In our experience, the per sample cost of MLPA to CMA is in the ratio of 1:5. Moreover, MLPA does not require validation of copy number changes detected by more than one probe, thus eliminating costs with additional tests for establishing the diagnosis. In addition, the probe set as we have developed it detects only known aberrations so that the clinical interpretation of the data is straightforward.
We diagnosed nine of patients with clinically well-defined microdeletion syndromes complicated by obesity. Among these, four cases had 2q37 deletions ranging from 2.2 to 6.2 Mb. In all patients, except one, the deletions involved HDAC4 (histone deacetylase 4), the primary causative gene for BDMR syndrome [3] , and that could be responsible for obesity (seen in >40% of patients [25] ). The protein encoded by this gene is involved in histone acetylation and chromatin remodeling. Consistent with a role of HDAC4 in the development of obesity, deletion in or mutation of HDAC4 was reported as resulting in reduced expression of the retinoic acid induced 1 (RAI1) gene, whose haploinsufficiency leads to obesity in SMS [3] . Moreover, HDAC4 was shown to be downregulated in obese compared with lean subjects, and then induced by physical activity [26] . Of note, the only two patients with HDAC4 point mutations reported to date were detected in BDMR patients who were obese [3] . Other two genes, CAPN10 and HDLBP, that are located distal to HDAC4, were also associated with obesity [27] and deleted for patient 5 carrying a 2q37 deletion that is distal to and did not include HDAC4. Another obese patient with a terminal deletion distal to HDAC4 was reported by Williams et al. [3] . These results may suggest one more distal locus at 2q37.3 critical for obesity.
A relatively small 9q34.3 deletion including only partially the euchromatic histone methyltransferase 1 (EHMT1) gene, in which deletion (seen in >85% of cases) or mutation (rarely) causes KS, was found in one patient. Recent reports support previous observations that obesity is present in a higher frequency in KS [28] [29] [30] . In the latest study of 83 KS patients with BMI data, including both patients with deletions and point mutations of EHMT1, Williemsem et al. [30] showed that~30-40% of the KS patients were overweight (BMI >25), and observed that this feature was more frequent among patients with a mutation than in patients with a deletion (42 vs. 28%, respectively). In a recent study by Ohno et al. [31] , it was demonstrated that deficiency of EHMT1 in brown fat cells leads to obesity and insulin resistance. This reinforces the notion that haploinsufficiency of EHMT1 is causative for obesity. Four patients carried a 17p11.2 deletion, including RAI1, the major gene for the phenotypic features of SMS. Obesity has been reported in >50% of SMS patients with either deletion or mutation of the RAI1 [32, 33] . Supporting the fact that RAI1 is involved in the obesity phenotype, Bdnf, a gene associated with obesity and hyperphagia, was found downregulated in the hypothalamus of the mouse model for Rai1 haploinsufficiency [34] . Furthermore, it was found in the same study that human RAI1 directly regulates the expression of BDNF.
Six patients were diagnosed with chromosome 22q11.2 abnormalities at both proximal and distal intervals. The 22q11.2 deletion spanning the four proximal LCR22s A to D within the DiGeorge (DG) and velo-cardio-facial syndrome (VCFS) region was found in three patients and the reciprocal duplication was found in another. Approximately one in every 167 patients with neurocognitive disorders and multiple congenital anomalies has a deletion in the 22q11.2 DG region, while its reciprocal duplication occurs in 1 of every 384 such cases [35, 36] . Two distinct studies have reported a high prevalence of obesity in adolescents and adults with DG [37, 38] . In one of these studies, it was shown that at adolescence or early adulthood, up to 35% of DG deletion carriers developed obesity [38] ; data on the prevalence of obesity in 22q11.2 duplication has not been published.
We have identified two patients with the 22q11.2 'distal' deletion associated with a variable clinical phenotype [39] . The deletions boundaries for the two individuals are within LCR22s E and F, whereas most reported distal 22q11.2 deletions has been shown to extend from LCR22-D to LCR22s E or F [40, 41] . Obesity (weight-for-age >90th percentile) was reported in 6 of 22 previously published cases [39] [40] [41] [42] , and three patients had a postnatal weight between the 75th and 90th percentile [40, 41] . In addition, two of the obese patients reported by Fagerberg et al. [40] had neurobehavioral problems such as food seeking behaviors and hyperphagia. Thus, our findings further suggest that the 22q11.2 distal deletion may predispose to obesity and overweight.
Additionally, three other patients were found to have recurrent CNVs associated with incomplete penetrance and variable expressivity. A child presenting with an overgrowth phenotype (macrocephaly, growth acceleration, and obesity) had the distal 1q21.1 duplication previously associated with macrocephaly (the reciprocal deletion is associated with microcephaly) and other features of overgrowth [43] [44] [45] . This locus includes the brain-specific HYDIN2 gene and a cluster of NBPF genes, which have been proposed as candidates for the abnormal head size [43, 46] . The 16p11.2 distal deletion associated with DD and obesity [16] was found in one individual. This deletion was shown to account for 0.5% of severe childhood obese cases [47] , and was reported in 46 of 38851 (0.12%) patients with DD in two recent large studies [36, 48] . This locus includes the SH2B adaptor protein 1 (SH2B1) gene, which is likely responsible for obesity in these individuals [16] . Another patient was found with the proximal 16p11.2 duplication associated with neurocognitive deficits and known to increase the risk of being underweight [49] , whereas the reciprocal deletion cosegregates with severe early-onset obesity [17] . Both the deletion and the duplication were shown to occur in 0.2-0.4% patients submitted for clinical CMA testing [35, 36] . [ 21, 59] 9q21.33 NTRK2 A heterozygous de novo mutation in NTRK2 was found in a child presenting with severe obesity, hyperphagia, and DD. NTRK2 is a highly specific receptor for BDNF, which makes its position within the leptin-melanocortin pathway evident. [56, 57] 9q34.3 EHMT1 EHMT1 deletion (seen in >85% of cases) or mutation (rarely) causes KS. Obesity is present in a higher frequency in KS (~30-40%), and is more prevalent among patients with EHMT1 mutation than in patients with deletions (42 vs. 28%, respectively).
[ 30] 11p14. Only one patient described with syndromic obesity presenting with a 14q11.2 microduplication encompassing SUPT16H and CHD8, highly expressed in adult and fetal brain, RAB2B, and two small nucleolar RNA (snoRNAs) [21] .
[21]
RAB2B 14q12 PRKD1
Only one patient described with syndromic obesity presenting with a 14q12 microdeletion including only PRKD1 and a microRNA (MIR548AI) gene.
15q11.2 IPW IPW is located to the critical region containing the functional PWS gene locus, and was found deleted in patients with atypical 15q11.2 deletions presenting the major features of PWS but normal methylation analysis.
[ [52] [53] [54] [55] 16p11.2 CDIPT The proximal 600-kb recurrent deletion within 16p11.2 confers susceptibility to autism and often cosegregates with early-onset obesity and neurodevelopmental disorders. The distal recurrent SH2B1-containing deletion within 16p11 was shown to account for 0.5% of severe childhood obese cases often co-occurring with DD. SH2B1 is involved in leptin and insulin signaling and is a solid candidate for obesity. As for the remaining probes in the probe set, we were unable to identify copy number imbalances in patients from our cohort. At least two CNVs, of SIM1 at 6q16 and BDNF at 11p14, are well known to include obesity as a phenotype [6, 7, 14, 50, 51] . In addition, 2p25.3 deletions spanning MYT1L have now been reported in a number of patients with a PWS-like phenotype [9, 10, 21] . The Imprinted in Prader-Willi (IPW) non-coding RNA is located to the critical region containing the functional PWS gene locus, including the SNORD109A and SNORD116 snoRNA cluster [52] . This minimal region was delineated based on the study of rare cases resulting from atypical 15q11q12 microdeletions without methylation abnormalities [52] [53] [54] [55] . Extremely rare mutations in NTRK2, which encodes a highly specific receptor for BDNF, were found in severely obese children with DD [56, 57] . However, it is currently unknown whether or not CNVs of the NTRK2 gene also can result in a comparable phenotype. None of the probes within new candidate loci for syndromic obesity (i.e., 3p26.3, 4p16.1, 7q22.1, 12q15q21.1, 14q11.2, and 14q12) [21,58; Table 2 ], were found as copy number variable in any additional patient. Hence, the contribution of these CNVs to obesity still remains uncertain and yet to be demonstrated.
Conclusions
Our study demonstrates the utility of an MLPA-based first line screening test in the evaluation of the genetic etiology of syndromic obesity in 338 patients. The overall detection rate with the synthetic MLPA probe set was about 5.3% (18 out of 338). As compared to chromosomal microarrays, it is an efficient, rapid, less labour intensive and cost-effective alternative for interrogating the copy number status at multiple loci that are known to cause this phenotype. Application of CMA testing to as yet undiagnosed individuals will uncover new loci responsible for the patients' phenotype, which would otherwise remain undetected based solely on the MLPA evaluation. These could eventually become new microdeletion/duplication syndromes associated with syndromic obesity. Our results also suggest that obesity could likely be a feature of the 22q11.2 distal deletion syndrome. Finally, our experience leads us to suggest that incorporating an MLPA-based first line screening test targeting various loci in which altered dosage is known to result in obesity as a phenotype (such as 1p36, 2p25, 2q37, 6q16, 9q34, 11p14, 16p11.2, and 17p11.2), could provide an effective alternative diagnostic approach to chromosomal microarrays for syndromic obesity, especially in clinical settings where CMA is not available.
Methods

Patients
Three hundred and thirty-eight nonrelated individuals with a prior negative methylation test for PWS were included in this study. The study protocol was reviewed and approved by the Human Research Ethics Committee at the Institute of Biosciences, University of São Paulo (CEP/ IB/021/2004). Parents or guardians also provided written informed consent. All the patients had a general diagnosis of DD/ID along with obesity or overweight. However, this cohort also includes other phenotypic findings including, but not restricted to, congenital malformations, hypotonia and feeding difficulties, behavioral issues, autism spectrum disorders, hyperphagia, hearing impairment, epilepsy, and dysmorphic features. Part of this cohort had previously been discarded for microdeletions of chromosome 1p36 by the syndrome-specific SALSA MLPA kit (P147, MRC Holland, Amsterdam, The Netherlands) [61] . All DNA samples were obtained from peripheral blood using the Autopure LS® (Gentra Systems, Inc., Minneapolis, MN).
Multiplex-ligation dependent probe amplification (MLPA) Synthetic MLPA probe set
The probe set includes 31 MLPA probes for the detection of copy number imbalances involving the following chromosomal regions (genes): 1q21.1 (PRKAB2, ACP6), 2p25.3 (ACP1, TPO, MYT1L), 2q37 (HDAC4, GPR35), 3p26.3 (CNTN6, CHL1), 4p16.1 (ACOX3, CPZ), 6q16 (SIM1), 7q22.1 (RELN), 9q21.33 (NTRK2), 9q34 (EHMT1), 11p14 (BDNF, MPPED2), 12q15q21 (PTPRB, RAB21, TPH2), 14q11.2 (CHD8, RAB2B), 14q12 (PRKD1), 15q11.2 (IPW), 16p11.2 (SH2B1, CDIPT, MAPK3), 17p11.2 (RAI1) and 22q11.2 (CRKL, MAPK1, RAB36) ( Table 2 ). Up to three probes were designed preferably in coding regions of specific genes within the regions of interest. The probes were designed online using the publicly available MAPD software [62] . Individual oligonucleotide probes (size range 100-168 nt) were synthesized by IDT® (Integrated DNA Technologies, Belgium) and added to the SALSA® MLPA® P200 and P300 Human DNA reference kits ( Table 3 ). The MLPA reactions were performed on 100-250 ng genomic DNA samples following the MRC-Holland protocol [63] . MLPA products were size-separated by capillary electrophoresis on the 3730 Genetic Analyser (Applied Biosystems, UK) and interpreted with the GeneMarker (v1.95) software (SoftGenetics, LLC. State College, PA, USA) using the "population normalization" method. Peak ratios between 0.75 and 1.25 were considered normal (i.e. two copies). Figure 2 shows the MLPA profiles for the two testing panels in control samples of different sex. These panels were validated by the analysis of DNA of patients with known CNVs (data not shown). When available, blood samples were obtained from patients' parents, and CNV inheritance was investigated.
Follow-up MLPA kits
When an alteration was found within the 17p11.2 (SMS) region or in 22q11.2 within the DG/VCFS region, confirmatory testing was performed with commercial MLPA kits (MR-1 MLPA kit P064-B2 and DG/VCFS MLPA kit P023-B, respectively).
Chromosomal microarray analysis (CMA)
The alterations in 10 patients were verified using at least one array platform. The arrays used in this study are the Affymetrix 500 K SNP-array (Affymetrix, Santa Clara, CA, USA), the CytoSure ISCA 180 K oligoarray-CGH (Oxford Gene Technology, Oxford, UK), and a 60 K custom-designed 60-mer oligoarray (Agilent Technologies, Palo Alto, CA, USA). SNP-array testing was performed as previously described [21] . Oligoarrays were hybridized according to the manufacturer's' instructions. Hybridizations were performed in duplicates with dye-reversal method. Scanned images were processed using Agilent Feature Extraction software and analyzed with Genomic Workbench software (both from Agilent Technologies) applying the statistical algorithm ADM-2 with a sensitivity threshold of 6.7. Duplication or deletion was considered when the log 2 ratio of the Cy3/Cy5 intensities of a given region encompassing at least three probes was >0.3 or -< 0.3, respectively. Genomic coordinates were converted to UCSC genome browser build February 2009 (GRCh37/hg19). 
